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(57) Abstract 

A nonwoven that is exceptionally soft yet sufficiently 
strong for use in absorbent articles is disclosed. The soft, 
strong nonwoven includes fibers comprising polyethylene, at 
least a portion of which are consolidated. The soft, strong 
nonwoven has a cross -machine direction tensile strength of at 
least about 300 g/in and a cross-machine direction elongation 
at break of at least about 40 %. The soft, strong nonwoven 
is preferably formed by permanently stretching an inelastic 
base nonwoven in the cross-machine direction. The preferred 
base nonwoven has certain properties which allow it to have 
sufficient strength after stretching, while being exceptionally 
soft, such that the resultant permanently stretched, soft, strong 
nonwoven is particularly suitable for use as a topsheet or a 
backsheet component in disposable absorbent articles. More 
specifically, the preferred base nonwoven has a cross-machine 
direction elongation at break of at least about 175 % and a cross- 
machine direction tensile strength of at least about 400 g/in. A 
particularly preferred base nonwoven also has a filament denier 
of from 1.5 to 10, a basis weight of from 15 to 30 gsy, and, for 
thermal point bonded nonwovens, a consolidation area of from 
4 to 40 %. 
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ABSORBENT ARTICLES HAVING SOFT. STRONG NONWOVEN COMPONENT 



FIELD OF THF INVFMTin N 
The present invention relates to absorbent articles containing a nonwoven component that 
has a preferred combination of strength and softness. In preferred embodiments, the nonwoven ,s 
incorporated into the topsheet or backsheet of the absorbent article. 

BACKGRO UND OF THF INVENTION 
Absorbent articles having nonwoven topsheets and backsheets having a nonwoven outer 
layer are known. For example, U.S. Patent Nos. B 1 3,860,003 (Buell, April 1 8 1 989) and 
5.15 1 ,092 (Buell et al., September 29, 1992) disclose disposable absorbent articles having a 
topsheet that may be formed from a nonwoven material, and U.S. Patent No 4 753 840 (Van 
Gompel, June 28, 1988) teaches a coated fabric comprising a base nonwoven ply having a 
thermoplastic film bonded thereto. 

Nonwovens for topsheet and backsheet applications should have certain properties 
suitable for the intended application, for example, in diapers. First, nonwovens to be used in 
absorbent articles should be soft and non-irritating to the wearer. It is particularly desirable to 
provide backsheet materials which are "clothlike," i.e., which are cool to the touch and drapeable 
Second, such nonwovens should have sufficient strength for their intended application. Thus the 
nonwoven should not split or tear during fabrication or use of the absorbent article. Finally the 
nonwoven should have sufficient coverage or opacity for a given application. The strength and 
coverage of a nonwoven depend to a large extent on the basis weight of the nonwoven. 
Nonwovens used in disposable absorbent articles will typically have a basis weight ranging from 
about 15 gsy to about 30 gsy in order to provide the desired strength and coverage. 
Unfortunately, while strength and coverage may be increased by an increase in basis weight, the 
softness tends to decrease. Thus, it is a particular challenge to provide nonwovens having each 
of these properties such that they are suitable for use in absorbent articles. 

One approach to improving the softness of a nonwoven material is described in U S 
Patent 5.296,289 (Collins, March 22, 1994). It is an object of U.S. Patent 5,296,289 to provide a 
spun bonded nonwoven web which has been stretched to provide a soft "hand" and greater 
coverage with minimal sacrifices in strength as a result of stretching in the machine direction or 
the cross direction, although there is a substantial reduction in basis weight of the web 
commensurate with the amount of dimensional increases. The stretchable webs taught by Coll 
have spot bonds distributed in a "comrow" bond pattern. The Collins patent discloses that 
stretching of certain prior art nonwoven webs will improve the hand somewhat, but with 
unacceptable losses in tensile strength and elongation characteristics. 

While some of the problems of providing functional yet tactilely acceptable nonwoven 
materials, topsheets and backsheets have at least been partially ameliorated by the art, none has 
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solved the problems in the manner or to the extent of the present invention. 

It is an object of the present invention to provide a nonwoven which is soft yet which also 
has sufficient strength and coverage for use in disposable absorbent articles. It is an additional 
object of the present invention to provide disposable absorbent articles, and particularly 
backsheets of such articles, having a clothlike tactile perception. 

SUMMARY OF THE INVFISTTTOM 

The present invention is directed to a nonwoven that is soft yet sufficiently strong for use 
in absorbent articles (hereinafter alternatively referred to as "soft, strong nonwoven"). More 
specifically, the present invention relates to nonwovens having both a cross-machine direction 
tensile strength of at least about 300 g/in and a cross-machine direction elongation at break of at 
least about 40%. Such nonwovens tend to possess a combination of strength and softness which 
is preferred for use in disposable absorbent articles. The soft, strong nonwoven is formed from 
fibers of a polymer material, which polymer material includes a polyethylene polymer segment. 
At least a portion of the polymeric fibers are consolidated. 

In a preferred embodiment, the soft, strong nonwoven is formed by permanently 
mechanically stretching a partially consolidated, melt-spunlaid base nonwoven formed of fibers 
of a polymer material which includes a polyethylene polymer segment and having ( 1 ) a cross- 
machine direction elongation at break of at least about 175% and (2) a cross-machine direction 
tensile strength of at least about 400 g/in (157 g/cm). Even more preferred base nonwovens have 
the additional properties of (3) a filament denier in the range of 1 .5 to 10; (4) a basis weight in 
the range of 1 5-30 gsy; and, if a thermal point bonded nonwoven, (5) a consolidation area of 
from about 4 to about 40%. It has been found that a base nonwoven having these properties can 
be permanently mechanically stretched to provide relative softness, while retaining sufficient 
strength such that it is suitable for use as a topsheet or a backsheet component. In a particularly 
preferred embodiment, the base nonwoven has a cross-machine direction elongation at break of 
at least about 200%, more preferably at least about 250%, and a cross-machine direction tensile 
strength of at least about 500 g/in, more preferably at least about 600 g/in. 

!n preferred embodiments, the soft, strong nonwoven consists essentially of melt-spun 
fibers of polyethylene or polyethylene-polypropylene copolymer. More preferably, the melt- 
spun fibers consist essentially of polyethylene. The melt-spun fibers are preferably consolidated 
by thermal spot bonds. 

The soft, strong nonwoven of the present invention can be incorporated, for example, into 
the topsheet or backsheet of an absorbent article such as diapers, feminine hygiene products, 
incontinence products, and the like. The backsheet preferably comprises the soft, strong 
nonwoven and a liquid impervious layer, which layer imparts higher fluid barrier properties to 
the nonwoven. The nonwoven is preferably disposed on the garment facing side of the backsheet 
to impart a clothlike external surface to the article. 



BNSDOCID: <WO„_9719662A1J_> 



WO 97/19662 PCT/LS96/I8I35 

3 

BRIEF DESCRIPTION OF THE DRa WTMr.s 
Figures 1-3 are multiple views of a stretching apparatus that may be used to stretch a base 
nonwoven as described herein to form the soft, strong nonwoven of the present invention. 
Figure 4 is a plan view of a diaper according to the present invention. 

DESCRIPTION OF THE P REFERRED EMBODIMENTS 
The soft, strong nonwoven is formed from fibers of a polymeric material, which polymer 
material includes ethylene repeating units (- CH 2 - CH 2 -) to form a polyethylene segment. The 
polymer material can be polyethylene, a copolymer of polyethylene, or a mixture of these 
polymeric materials. By "copolymer; 1 it is intended to encompass polymers formed by the 
copoiymerization of ethylene or polyethylene with one or more other suitable monomers or 
polymers such that the resultant copolymer contains repeating ethylene units.. Suitable other 
monomers and polymers include C 3 - C 6 polyolefins. such as propylene, butylene. and the like, 
and polymers thereof for example, polypropylene. In a preferred embodiment, the fibers are 
formed of polyethylene. Such polyethylene fibers may be, for example, linear low density 
polyethylene fibers or high density polyethylene fibers. Thus, the polymeric fibers can have a 
density ranging from 0.91 g/cc to 0.97 g/cc. The polymeric fibers can be prepared by several 
methods such as are known in the art, including melt-spinning processes and solution-spinning 
processes. 

The polymeric fibers can be formed into a nonwoven web by methods such as are now 
known or become known in the art of forming fibrous nonwoven webs in which the fibers are at 
least partially consolidated. For example, the fibers can be spun and deposited on a suitable web- 
forming substrate in a continuous process to form a fibrous web (i.e., spun laid), followed by 
consolidation. Alternatively, polymeric fibers can be spun into tow and cut apart to form staple 
fibers, which are then formed into a fibrous web by a suitable technique, followed byr. 
consolidation. The fibers can be spunlaid or spun into tow by melt-spinning or solution spinning 
processes. In a preferred embodiment, the fibers are spunlaid or spun into tow by a melt- 
spinning process. 

A melt-spun laid nonwoven can be formed by extruding a line of spaced molten synthetic 
filaments of the polymer through a spinnerette having a plurality of juxtaposed openings to 
provide a plurality of spaced non-so!idified filaments, as is taught in U.S. Patent 3,509,009 issued 
to Hartmann on April 28, 1970 and incorporated herein by reference. The filaments are 
immediately seized on both sides by heated gas currents and carried away without breaking off, 
so that the filament diameters decrease within a distance of about 1 cm from the spinnerette, and 
so that the filaments are not fully drawn. The filaments are subsequently deposited on a 
foraminous moving wire in random orientation or winding entanglement, but substantially in the 
machine direction. 

Staple fibers can be formed by extruding a plurality of spaced molten synthetic filaments 
of the polymer through a spinnerette having a plurality of juxtaposed openings to provide a 
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plurality of spaced non-solidified filaments (tow), followed by chopping or cutting the tow to 
form discontinuous fibers (staple fibers). A web is formed by laying the staple fibers onto a 
suitable substrate. The web can be formed by any suitable method such as are known in the art 
for example, carding, air-laying, wet-laying and the like. In a preferred embodiment, the staple 
fibers are carded and air-laid onto a suitable substrate. As prepared on conventional carding 
equipment, the fibers in the resultant fibrous web are substantially oriented in the machine 
direction. 

The fibers of the melt-spunlaid, carded, or otherwise formed web are then at least 
partially consolidated to form a nonwoven useful in the present invention. As used herein 
"consolidation," consolidated" and the like refers to the bringing together of at least a portion of 
the fibers into closer proximity to form sites which function to increase the resistance of the 
nonwoven to external forces, e.g., tensile forces, as compared to the unconsolidated web. 
"Partially consolidated" refers to the presence of numerous spaced apart sites (i.e., intermittent 
sites), in contrast to a nonwoven which is consolidated such that individual sites are not 
perceived by simple magnification. 

Consolidation can be caused by any suitable method that applies heat and/or pressure to 
the fibrous web. Consolidation methods include thermal spot (i.e., point) bonding and 
hydroentanglement. Thermal point bonding can be accomplished by passing the fibrous web 
through a pressure nip formed by two rolls, one of which is heated and contains a plurality of 
raised points on its surface, as is described in U.S. Patent 3,855,046 issued to Hansen et al. on 
December 1 7, 1974. incorporated herein by reference. The heated roll is heated to a temperature 
sufficient to cause thermoplastic flow or melting of the polymer in the regions of the web 
corresponding to the raised points as the web passes through the nip, with the sites being formed 
where thermoplastic flow occurs. Hydroentanglement typically involves treatment of the fibrous 
web with high pressure water jets to consolidate the web via mechanical fiber entanglement 
(friction) in the region desired to be consolidated, with the sites being formed in the area of fiber 
entanglement. The fibers can be hydroentangled as taught in U S. Patent Nos. 4,021.284 issued 
to Kalwaites on May 3, 1977 and 4,024,612 issued to Contractor et al. on May 24, 1977. both 
incorporated herein by reference. In the presently preferred embodiment, the polymeric fibers of 
the nonwoven are consolidated by thermal point bonds. 

Nonwovens that are consolidated by thermal point bonds can be characterized by a 
consolidation area. As used herein, the "consolidation area" refers to the area occupied by the 
sites formed by bringing the fibers into relatively close proximity (hereinafter alternatively 
referred to as "bond sites"), based on the total area of the nonwoven. The thermal point bonded 
nonwovens useful in the present invention may have a consolidation area of less than 40%. The 
consolidation area is determined with a simple microscope (e.g., 10-30X) having a measuring 
scale that enables measurement of the bond sites when viewed through the microscope (e.g., 
ruled at about .002"). A sample of the nonwoven is viewed through the microscope and the 
number and size of bond sites is measured for four different 0.5" X 0.5" areas in view. The area 
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occupied by the sites in each (0.5") square area is determined mathematically, with the 
consolidation area being the average of the four calculations. 

Consolidation by hydroentanglement is influenced by the number and placement of water 
jets relative to the nonwoven web being consolidated, and the force being exerted on the 
non woven by the individual jets. The consolidation of a hydroentangled nonwoven tends to 
increase with an increase in the number of water jets, with nearer placement of the jets relative to 
the nonwoven web, or with an increase in the pressure exerted by the water jets. 

The nonwovens have a tensile strength of at least 300 g/in and an elongation at break of at 
least about 40%, each being in the cross-machine direction. It has been found that a nonwoven 
having these properties tends to have a combination of strength and softness that is preferred for 
use in absorbent articles. The soft, strong nonwoven preferably also has a filament denier in the 
range of 1 .5 to 1 0; a basis weight in the range of 1 0-20 gsy; and, for thermal point bonded 
nonwovens, a consolidation area of less than about 40%. The soft, strong nonwoven having 
these properties can be directly formed from the polymeric material by the above-described 
processes, with the process variables being controlled in conventional manner to provide the 
desired denier, basis weight and consolidation area. 

As understood by the skilled artisan, the filament denier refers to the number of grams of 
a given fiber material in 9000 meters of length of the material, which is determined primarily by 
the polymer extrusion rate and degree of attenuation of the spun fibers making up the nonwoven. 
In general, the fiber denier increases with an increase in the extrusion rate or with a decrease in 
degree of attenuation decreases. Fiber denier can be measured according to ASTM 
D1907/D32 1 8, incorporated herein by reference. 

Basis weight is a well known term in the art used to designate the weight of a nonwoven 
web per unit area of the web. As used herein, a "web" of fibrous material such as the nonwovens 
herein described is a sheet of thin, substantially contiguous fibrous material having two, 
substantially parallel surfaces. Although a web of fibrous material need not be flat or smooth, 
theoretically, it is or can be laid out in a substantially planar, two-dimensional arrangement of 
indefinite length and indefinite width projecting in the two dimensions. The basis weight is 
determined based on a selected area defined by these two dimensions. The basis weight is 
determined by the weight of fibers laid down on a forming substrate per unit area, and is 
primarily a function of the fiber density, fiber denier and substrate speed relative to the apparatus 
used to lay down the fibers onto the substrate. In general, the basis weight increases with an 
increase in fiber density or fiber denier, or with a decrease in the substrate speed. The basis 
weight can be measured by ASTM D3776-85 Option B. incorporated herein by reference. | 
The consolidation area for thermally point bonded nonwovens is influenced by the 
number and placement of raised points on the roll used to form the thermal point bonds. In 
general, as the number of raised points per unit area increases, the consolidation area of the 
nonwoven increases. 

Tensile strength and elongation at break as used herein refer to the respective properties 
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as measured according to ASTM DI682-64 and 7.1.2.2, incorporated herein by reference. For 
webs formed of the preferred polymeric fibers described herein, these tensile properties are 
primarily influenced by the basis weight and the consolidation of the nonwoven. In general, 
tensile strength tends to increase with an increase in basis weight and/or consolidation. On the 
other hand, elongation at break tends to decrease with an increase in basis weight and/or 
consolidation. 

In a preferred embodiment, the soft, strong nonwoven is formed by permanently 
mechanically stretching, in the cross-machine direction and optionally the machine direction, a 
base nonwoven having ( 1 ) a cross-machine direction tensile strength of at least about 400 g/in 
(157 g/cm); and (2) a cross-machine direction elongation at break of at least about 1 75%. 

"Machine direction" (alternatively referred to herein as H MD") is a well known term of art 
that is generally understood to refer to the direction corresponding to the length of the nowoven 
as it is formed in conventional nonwovens forming apparatii. The machine direction typically 
corresponds to the direction of fiber orientation as they are laid down to form the nonwoven. 
"Cross-machine direction" (alternatively referred to herein as "CD") refers to the direction which 
is 90° to the machine direction. The nonwoven is substantially formed in a plane defined by the 
machine and cross-machine directions. 

Preferred base nonwovens also have a filament denier in the range of 1 .5 to 10; a basis 
weight in the range of 15 gsy to 30 gsy; and, for thermal point bonded nonwovens, a consolidated 
bond area of from about 4 to about 40%, It has been found that a base nonwoven having these 
properties can be permanently mechanically stretched to provide a nonwoven that is soft yet 
sufficiently strong such that it is suitable for use as a topsheet or a backsheet component. In a 
particularly preferred embodiment, the base nonwoven has a cross-machine direction tensile 
strength of at least about 500 g/in, more preferably at least about 600 g/in, and a cross-machine 
direction elongation at break of at least about 200%, more preferably at least about 250%. 

The base nonwoven that is to be permanently mechanically stretched is inelastic. As used 
herein, "inelasticity" refers to the failure of a material, upon being subjected to a tensile force, to 
substantially recover to its original state of zero elongation after the tensile force is removed. 
The base nonwoven cf the present invention, upon being subjected to a tensile force to cause 
50% elongation, will typically fail to recover to an elongation of less than 20%. The inelasticity 
of the nonwoven is primarily influenced by the polymeric material making up the fibers of the 
nonwoven. 

The base nonwoven that is to be permanently mechanically stretched and having the 
aforementioned properties can be directly formed from the polymeric material by the processes 
described herein, with the process variables being controlled in conventional manner to provide 
the desired denier, basis weight and consolidation area. These variables are influenced in the 
manner previously described and can be controlled by the skilled artisan in light thereof. Melt- 
spunlaid nonwovens formed from polyethylene fibers and having the aforementioned, base 
nonwoven properties of tensile strength, elongation at break, denier, basis weight, consolidation 
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area and inelasticity and which can be permanently mechanically stretched in accordance with 

the present invention are commercially available from Polybond Co. of Waynesboro. VA, as 

#86964-S. and from Corovin of Peine, Germany, as Corolind 16714. 

When a carded and hydroentangled nonwoven is employed as a base nonwoven which is 

to be permanently mechanically stretched, higher basis weights tend to be necessary in order for 
the stretched nonwoven to have the desired cross-machine direction tensile strength of at least 
about 300 g/in, as compared to a base nonwoven which is melt-spunlaid and thermally spoi- 
bonded. For example, the basis weight of a carded and hydroentangled base nonwoven which 
prov.des this tensile strength after stretching is typically in the range of from about 30gsy to 
about 50 gsy. Due to the higher cost of higher basis weight materials, a soft, strong nonwoven of 
the present invention formed from such a carded and hydroentangled base nonwoven is not 
preferred. 

The soft, strong nonwoven formed by permanently mechanically stretching the above- 
described base nonwoven unexpectedly exhibits certain properties relative to the soft, strong 
nonwoven which is directly formed by conventional nonwoven processes. More specifically, the 
permanently mechanically stretched, soft, strong nonwoven exhibits higher toughness and 
elasticity. Thus, the permanently mechanically stretched nonwoven tends to withstand sudden 
tensile forces, such as may be experienced in the wearing of disposable articles. The ' 
permanently mechanically stretched, soft, strong nonwoven may also be economically preferred 
over the nonwoven which is directly formed. 

Permanent mechanical stretching in the cross-machine direction may involve a number of 
mechanisms. Typically, a substantial portion of the fibers of the nonwoven are reoriented toward 
the cross-machine direction. The fibers in the consolidated fiber sites may slip from the site, be 
stretched relative to the site, or break away from the site. The resultant soft, strong nonwoven 
has a basis weight that is from about 50% to about 90% of the basis weight of the base 
nonwoven. Thus, the resultant nonwoven typically has a basis weight of from about T.S gsy to 
about 27gsy , preferably about 1 0 gsy to about 20 gsy. 

Cross-machine direction stretching can be caused to varying degrees depending on the 
required end use strength and coverage, provided that the nonwoven has, after stretching.a cross- 
machine direction tensile strength of at least about 300 g/in and an elongation at break of at least 
about 40%. In general, the softness of the nonwoven tends to increase with increasing levels of 
permanent stretching. The base nonwoven is typically permanently stretched in the CD to at 
least about 125%, preferably 175%, of its original, unstretched CD width. Very soft yet 
sufficiently strong nonwovens have been obtained by permanently stretching the base nonwoven 
to at least about 200% of its original, unstretched CD width. 

In one embodiment of the present invention, stretching is relatively aggressive to thereby 
form effective apertures in at least a portion of the nonwoven. When the resultant nonwoven is 
employed as a topsheet in disposable absorbent articles, the apertures tend to improve the rate of 
acquisition of relatively viscous body fluids such as menses or runny feces. As used herein, 
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"effective apertures," refers to apenures which provide a significant increase in the rate of 
acquisition of one or more of such relatively viscous body fluids. The apertures may be areas of 
decreased web basis weight (relative to other areas of the stretched web, excluding the bond 
sites), including areas which are substantially fiber free. In general, as the aperture size 
increases, the apertures tend to be more effective in increasing the rate of acquisition of relatively 
viscous body fluids. The size of the apertures tends to increase with increasing levels of 
permanent stretching. The size of the apertures is also influenced by the pattern of the 
consolidated areas in the nonwoven, including the frequency and size of the consolidated fiber 
sites. In general, the fewer or the smaller the consolidated fiber sites, the smaller the possible 
size of the apertures. 

Nonwovens having apertures useful for topsheet applications are typically obtained by 
permanently stretching the base nonwoven in the CD to at least about 1 75% of its original, 
unstretched CD width, leaving the relaxed, permanently stretched nonwoven to have at least 
about 140% of its original CD width. More preferably, the apertured nonwovens are formed by 
stretching the base nonwoven to from about 200% to about 300% of its original, unstretched CD 
width. For example, permanently stretching a base nonwoven as described above from about 
175% to about 300% of its original CD width has provided aperture areas of about 0.0008 in 2 to 
about 0.003 in 2 at a density of about 5 to about 30 per in 2 of nonwoven, which is effective in 
increasing the rate of acquiring runny feces. 

The cross-machine direction stretching can be substantially uniform throughout the 
nonwoven. Alternatively, only a portion or discontinuous portions of the base nonwoven may be 
stretched in the cross-machine direction. For example, the base nonwoven can be CD stretched 
along only a central, CD portion of the base nonwoven along the MD of the nonwoven. The 
resultant permently stretched base nonwoven has a central, CD, relatively soft portion having 
longitudinal edges running in the MD, and substantially unstretched portions bordering the 
longitudinal edges . The resultant permanently stretched nonwoven can be used as a topsheet in 
disposable absorbent articles, where the relatively soft portion is positioned to include the 
acquisition region of the topsheet when in use, and the substantially unstretched portions are 
positioned in the regions of the absorbent article where higher strength materials may be dsr^f.d. 
e.g., in the ears and along the side edges of the absorbent article. In an economically preferred 
embodiment, the relatively soft portion comprises a continuous strip running between ;he end 
edges of the topsheet of the disposable absorbent article. Alternatively, the relatively soft portion 
may substantially correspond to the acquisition region of the article when in use. 

The base nonwoven is permanently stretched by the stretching operation. By 
"permanently stretched," it is meant that the nonwoven evidences permanent deformation in the 
direction of stretch when elongated to at least 50% of its original dimension in the direction of 
stretch. Thus, upon being subjected to a tensile force to cause at least 50% elongation in the 
direction of stretch, the base nonwoven fails to recover to an elongation of less than 20% in the 
direction of stretch after the force is removed. Typically, the base nonwoven retains at least 
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about 90% of the maximum elongation after removal of the force. 

The base nonwoven can be stretched in the cross-machine direction by any method that is 
now known or becomes known in the art, provided that the method does not result in damage to 
the nonwoven such that the nonwoven is unsuitable for its intended application. Exemplary 
methods include stretching with Mt. Hope rolls, bowed rolls, meshing platens, or intermeshing 
grooved or corrugated combining rolls. The base nonwoven can be stretched to the desired 
maximum elongation in a single step, or sequentially by several steps of incrementally increasing 
elongation force. In a preferred embodiment, the base nonwoven is incrementally stretched, for 
example, as described in U.S. Patent 5,143,679, issued to Weber, et ai. on September I, 1992. 

Suitable methods and apparatus for mechanically stretching nonwovens, or for 
mechanically stretching portions of a diaper, which methods and apparatus are suitable for used 
herein for mechanically stretching the base nonwoven, are contained in the U.S. Patents 
2.075.189, issued to Galligan, et al. on March 30, 1937; 3,025.199, issued to Harwood on March 
13. 1962; 3,624,874. issued to Lauchenauer, et al. on December 7, 1971; 4.107.364, issued to 
Sisson on August 15, 1978; 4.209,563, issued to Sisson on June 24, 1980; 4,517,714. issued to 
Sneed et al. on May 21 , 1985; 4,834,741, issued to Sabee on May 30, 1989; the above referenced 
5, 143,679; 5,156,793, issued to Buell. et al. on October 20, 1992; and 5,167,897, issued to 
Weber, et al. on December 1 , 1992. The disclosures of each of these patents are hereby 
incorporated herein by reference in their entirety. 

Particularly preferred apparatus and methods which can be used to mechanically stretch 
the nonwoven are disclosed in the above-referenced U.S. Patent Nos. 4,834,741 ; 5, 1 43.679; 
5,156,793; and 5,167,897. 

For example, the nonwoven can be stretched using an apparatus as described in U.S. 
Patent No. 4,834,741. As described in this patent and shown in Figures 1-3, a suitable apparatus 
100 has a pair of cooperating corrugating (or pleating) rolls 10, through which the nonwoven 20 
is passed in the machine direction in order to permanently stretch the nonwoven 20 in^the CD. 
The nonwoven is suitably supplied to the apparatus 100 from a supply (unwind) roll (not shown). 
Each of the corrugating rolls 10 has a transverse raised portion 12 that extends partially around 
the roll circumference. The raised portions 12 define corrugated surfaces 14 that mesh with each 
other with only a small radial clearance therebetween. The rolls 10 rotate together in the 
direction of arrows 1 6 and in timed relation to the movement of the nonwoven 20 such that only 
the portions of the nonwoven 20 desired to be CD stretched passes between the corrugated 
surfaces 14. The developed transverse length of the corrugated surfaces 14 is substantially 
greater than the width of the nonwoven 20. Consequently, the nonwoven 20 is stretched or 
expanded transversely across the nonwoven as it passes between the corrugated surfaces 14. 

The degree of stretch can be controlled by controlling the radial clearance between the 
intermeshing corrugated surfaces, with the degree of stretch increasing with a decreasing 
clearance. Alternatively, the nonwoven can be directed through an incremental web stretching 
system employing opposed pressure applicators having three dimensional surfaces which at least 
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to a degree are complementary to one another, such as described in the above referenced and 
incorporated U.S. Patents 5,143,679; 5,156/793; and 5,167,897. 

Thus, the untensioned, base nonwoven web may be passed between corrugated or 
grooved uppermost corrugated rolls and corrugated or grooved lowermost corrugated rolls. 
While the exact configuration, spacing and depth of the complementary grooves on the 
uppermost and lowermost corrugated rolls will vary, depending upon such factors as the amount 
of permanent stretch desired in the final nonwoven web, two pairs of sequenced corrugated rolls, 
each having a peak-to-peak groove pitch of approximately 0. 1 50 inches, an included angle of 
approximately 12 degrees as measured at the peak, and a peak-to-valley groove depth of 
approximately 0.300 inches have been employed in a particularly preferred embodiment of the 
present invention. The exterior peak of each corrugation on the aforementioned corrugated roil 
pairs exhibits a radius of approximately 0.010 inches, while the internal groove formed between 
adjacent corrugations typically exhibits a radius of approximately 0.040 inches. The sequenced 
corrugated roll pairs are typically adjusted so that the opposing peaks on each succeeding pair of 
meshing corrugated rolls increase their degree of overlap with one another approximately 0.035- 
0.050 inches from the first pair of meshing corrugated rolls to the second pair, the second set of 
meshing corrugated rolls typically overlapping one another to a total depth between about 0. 1 50 
inches and about 0.175 inches. Two pairs of meshing corrugated rolls of the aforementioned 
type mounted in sequence with one another have produced a permanently stretched, soft, strong 
nonwoven having good integrity. 

The degree of overlap of the opposing peaks on the successive pairs of meshing 
corrugated rolls may of course be adjusted, as desired, to produce more or less permanent stretch 
or apertures in the nonwoven web. For the aforementioned roll geometry and laminate web 
construction, peak-to-peak overlap depths ranging from as little as about 0.050 inches to as much 
as about 0.225 inches are feasible. In general, as the number of sequenced meshing corrugated 
roll pairs increases for any given total mount of incremental stretching, the potential for web 
damage decreases. This is believed due to the fact that the incremental stretching operation is 
carried out more gradually in a series of relatively small steps when a series of sequenced 
meshing comigated roll pairs is employed. More gradual stretching of the nonwoven web is 
believed to minimize damage to the web, especially in the case of webs with a CD elongation at 
the lower end of the acceptable range defined herein. 

The incremental web stretching system is preferably equipped with active vacuum ports 
and vacuum manifolds such as described in U.S. Patent 5.143.679 to exert suction against the 
nonwoven web it is acted upon by the uppermost grooved/corrugated rolls. As further described 
therein, the vacuum ports on the lowermost rolls are preferably covered by a porous material, 
such as 0.090" mesh honeycomb, to provide support to the portions of the nonwoven web acted 
upon by the vacuum and to provide a good gripping surface against the web so as to substantially 
prevent lateral slippage or movement of the web across the honeycomb surface whenever the web 
is acted upon by vacuum. 



6NS0OCI0: <WO_ 9719662A1.l_> 



XVO 97/196*2^ PCT/US96/18I3S 



1 1 



Under optimum circumstances, the maximum degree of permanent stretch which can be 
.mparted to the nonwoven web is determined by the depth of engagement between the grooves 
on the uppermost corrugated rolls and the grooves on the lowermost corrugated rolls. However 
unless the nonwoven web is substantially prevented from slipping or contracting in a direction 
substantially parallel to the direction of web stretching as it passes between the meshing 
corrugated rolls, the optimum degree of incremental, permanent stretching is not realized. 
Therefore, in its most preferred form, the incremental web stretching operation is carried out 
while the outermost portions of the nonwoven web are subjected to restraint, to substantially 
prevent the nonwoven web from slipping or contracting in a direction parallel to the desired 
direction of stretching as it passes between the sets of sequentially positioned meshing corrugated 
rolls. In addition, vacuum ports may be used to hold the nonwoven e.g., as described in U S 
Patent 5.143,679. 

Sequentially stretching the nonwoven web using multiple pairs of meshing corrugated 
rolls, each subsequent pair of corrugated rolls exhibiting an increased degree of meshing, reduces 
the rate at which the elongation process is carried out and hence the rate at which strain is 
experienced by the nonwoven web as it passes therebetween. In addition, the temporary release 
of tension from the web as it passes between the successive roll pairs allows some degree of 
stress redistribution to occur in the web prior to the web's being incrementally stretched to a 
greater degree by each succeeding roll pair. 

Therefore, the more meshing roll pairs which are used to achieve the desired degree of 
incremental stretching, the more gradual will be the stretching of the web as it passes between 
any given roll pair and the more opportunities there will be provided for stress redistribution to 
occur within the web. This not only minimizes the rate at which strain is experienced by the 
nonwoven web, but maximizes the opportunities for stress redistribution between each 
incremental stretching operation. Consequently such a sequential roll system is less prone to 
cause damage to the webs being processed than if the entire stretching operation is carried out on 
a single roll pair exhibiting an equivalent degree of meshing. 

For CD stretching, the sequentially positioned pairs of meshing corrugated rolls have 
their corrugations aligned substantially parallel to one another and to the direction of nonwoven 
supply feed (MD). Stretching of the nonwoven web in other directions may be accomplished by 
employing sequentially positioned pairs of corrugated rolls wherein the corrugations are not all 
oriented parallel to one another. Furthermore, the corrugations on such sequentially positioned 
pairs of corrugated rolls need not necessarily be aligned parallel to either the machine or the 
cross-machine direction. For example, the meshing teeth on the sequentially positioned pairs of 
corrugated rolls employed to sequentially stretch the nonwoven web may be arrayed in a 
curvilinear configuration to produce permanent stretch along the curvilinear contour rather than 
in a straight line. 

In one embodiment of this invention, the cross-machine direction stretched nonwoven is 
subsequently stretched in the machine direction or in one or more directions oblique to the 
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machine direction. It has been found that stretching of the base nonwoven solely in the machine 
d.recuon tends ,o destroy the nonwoven. Machine direction stretching can be accomplished 
using any of the methods such as are known in the art. For example, meshed platens or 
mtermeshmg grooved or corrugated rolls such as previously described herein may be used 

After stretchmg. the nonwoven has diminished yet sufficient coverage and strength for 
use m disposable absorbent articles. The cross-machine direction tensile strength of the stretched 
nonwoven ,s at least about 300 g/in. preferably at least about 500 g/in. The cross-machine 
directton % elongation at break tends to be higher than the unstretched, base nonwoven and is 
typically at least about 225%. The preferred nonwoven is softer and less strong in the central 
reg,on than along the edges. Such nonwovens can be obtained by permanently mechanically 
stretching only an interior portion of the width of the nonwoven. 

Nonwovens as formed from the polymeric material having a polyethylene segment tend 
to be hydrophobic. In certain applications it may be desired to treat the nonwoven to render at 
least a portion of the nonwoven hydrophilic. For example, for topsheet applications in 
deposable absorbent articles such as described herein, it is preferred that at least the upper 
surface of the topsheet be hydrophilic so that liquids will transfer through the topsheet more 
raptdly. This diminishes the likelihood that body exudates will flow off the topsheet rather than 
be.ng drawn through the topsheet and being absorbed by the absorbent core. The nonwoven can 
be rendered hydrophilic by treating it with a surfactant. Suitable methods for treating the 
nonwoven with a surfactant inciudespraying the nonwoven material with the surfactant and 
immersing the nonwoven into the surfactant. A more detailed discussion of such a treatment and 
hydrophtiicity is contained in U.S. Patent 4,988.344 entitled "Absorbent Articles with Multiple 
Layer Absorbent Layers" issued to Reising, et al. on January 29, 1991: U.S. Patent 4,988,345 
entitled "Absorbent Articles with Rapid Acquiring Absorbent Cores" issued to Reising on 
January 29. 1991 ; U.S. Patent 4,950,264 entitled "Thin, Flexible Sanitary Napkin" issued Osbom 
on August 21, 1990; and in U.S. Patent 5,009.653 entitled "Thin, Flexible Sanitary Napkin- 
issued to Osborn on April 23, 199!; each ofwhich is incorporated by reference herein. The 
nonwoven can be treated either before or after any mechanical stretching operations described 
herein. In a preferred embodiment, the nonwoven is treated before any mechanical stretching 
operations. 

The soft, strong nonwoven of the present invention can be combined with a liquid 
impervious layer of polymeric material to improve the fluid barrier properties of the nonwoven. 
By "liquid impervious," it is meant that the layer of polymeric material resists the transport of 
liquids through the layer under the conditions of normal use of the application for which the 
product incorporating the nonwoven is intended. For example, for disposable absorbent articles 
such as those described herein, the layer of polymeric material resists the transport of body fluids 
through the layer, under normal wearing conditions of the absorbent article. 

Suitable polymeric materials for forming the liquid impervious layer include relatively 
non-elastic materials, for example, conventional polyolefins such as polyethylene. 
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polypropylene, and the like, and copolymers and blends thereof. Conventional polyolefins are 
commercially available, for example, from the Dow Chemical Company and Exxon under the 
trade names Insight and Exact, respectively. Alternatively, the polymeric material can be 
elastomeric. Suitable elastomeric polymers include those commercially available from the Shell 
Chemical Companyunder the trade name of KRATON® (synthetic rubber triblock polymers, 
e.g., styrene-polyisoprene-styrene triblock polymers, polyurethanes, polyolefins such as those 
commercially available from Himontunder the trade name CATALLOY®and blends of such 
polyolefins with conventional polyolefins. The polymeric material can be degradable, for 
example, a photodegradable, hydrodegradable or biodegradable material. 

The nonwoven can be combined with the polymeric material by any suitable method to 
form a liquid impervious layer of the polymeric material on the nonwoven. Suitable techniques 
include coating or lamination techniques such as are known in the art. Preferred laminates are 
adhesively bonded together, e.g., with hot melt adhesives. Adhesive bonding can be achieved 
through a variety of techniques such as are known in the art, e.g., slot extruder coating, or 
printed, sprayed or spiraled adhesive coating. Sonic lamination and extrusion coating of the 
polymeric material and the nonwoven are also applicable but are less preferred. 

The nonwoven that is combined with the polymeric material can be mechanically 
stretched. Mechanical stretching may be performed to improve softness, drapeability. toughness, 
or to improve the bulk of the resultant product. Stretching may be accomplished, for example, by 
any of the methods and apparatus previously described in relation to stretching of the base 
nonwoven. 

The soft, strong nonwoven of the present invention is particularly suitable for use as a 
component in disposable absorbent articles. However, it is to be understood thai the soft, strong 
nonwoven, including such a nonwoven combined with a polymeric material, may have utility in 
other applications, for example, disposable table cloths, napkins, surgical drapes, bibs and the 
like. 

As used herein, the term "absorbent article" refers to devices which absorb and contain 
body exudates, and more specifically, refers to devices which are placed against the skin of a 
wearer to absorb and contain the various exudates discharged from the body. The term 
"disposable" is used herein to describe absorbent articles which are not intended to be laundered 
or otherwise restored or reused as an absorbent article after a single use. Examples of disposable 
absorbent articles include feminine hygiene garments such as sanitary napkins and panti-liners, 
diapers, incontinence briefs, diaper holders, training pants, and the like. 

Disposable absorbent articles typically comprise a liquid pervious topsheet, a liquid 
impervious backsheet joined so the topsheet and an absorbent core positioned between the 
topsheet and the backsheet. Disposable absorbent articles and components thereof, including the 
topsheet, backsheet, absorbent core, and any individual layers of these components, have a body 
surface and a garment surface. As used herein, "body surface" means that surface of the article or 
component which is intended to be worn toward or adjacent to the body of the wearer, while the 
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"garment surface" is on the opposite side and is intended to be wom away from the wearer s body 
or placed adjacent to the wearer's undergarments when the disposable absorbent article is wom 
The soft, strong nonwoven of the present invention is particularly useful for use in the topsheet or 
the backsheet of disposable absorbent articles. 

The following description generally discusses the absorbent core, topsheet. and backsheet 
materials that are useful in disposable absorbent articles. It is to be understood that this general 
description applies to these components of the specific absorbent article shown in Figure 4 and 
further described below, in addition to those of other disposable absorbent articles which are 
generally described herein. 

The absorbent core is capable of absorbing or retaining liquids (e.g., menses, urine, and/or 
other body exudates). The absorbent core is preferably compressible, conformable, and non- 
irritating to the wearer's skin. The absorbent core may be manufactured in a wide variety of sizes 
and shapes (e.g.. rectangular, oval, hourglass, "T" shaped, dog bone, asymmetric, etc.). The 
absorbent core may include any of a wide variety of liquid-absorbent materials commonly used 
in absorbent articles, such as comminuted wood pulp, which is generally referred to as airfelt. 
Examples of other suitable absorbent materials for use in the absorbent core include creped 
cellulose wadding; meltblown polymers; coform; chemically stiffened, modified or cross-linked 
cellulosic fibers; synthetic fibers such as crimped polyester fibers; peat moss; tissue including 
tissue wraps and tissue laminates; absorbent foams; absorbent sponges; superabsorbent polymers; 
absorbent gelling materials; or any equivalent material or combinations of materials, or mixtures 
of these. The configuration and construction of the absorbent core may also be varied (e.g., the 
absorbent core may have varying caliper zones and/or have a profile so as to be thicker in the 
center; hydrophilic gradients; superabsorbent gradients; or lower average density and lower 
average basis weight zones, e.g., acquisition zones; or may comprise one or more layers or 
structures). The totai absorbent capacity of the absorbent core should, however, be compatible 
with the design loading and the intended use of the absorbent article. Further, the size and 
absorbent capacity of the absorbent core may be varied to accommodate different uses such as 
diapers, incontinence pads, pantiliners, regular sanitary napkins, and overnight sanitary napkins, 
and to accommodate wearers ranging from infants to adults. 

The topsheet is preferably compliant, soft feeling, and non-irritating to the wearer's skin. 
Further, the topsheet is liquid pervious, permitting liquids (e.g., menses and/or urine) to readily 
penetrate through its thickness. 

The backsheet is impervious to liquids (e.g., menses and/or urine) and preferably 
comprises a thin plastic film, although other flexible liquid impervious materials may also be 
used. As used herein, the term "flexible" refers to materials which are compliant and will readily 
conform to the general shape and contours of the human body. The backsheet prevents the 
exudates absorbed and contained in the absorbent core from wetting articles which contact the 
absorbent article such as bedsheets. pants, pajamas and undergarments. Further, the backsheet 
may permit vapors to escape from the absorbent core (i.e.. the backsheet is breathable) while still 
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preventing exudates from passing through the backsheet. The size of the backsheet is dictated by 
the size of the absorbent core and the exact absorbent article design selected. Various topsheet 
and backsheet materials are well known in the art. In the disposable absorbent articles of the 
present invention, either the topsheet, backsheet or both include the soft, strong nonwoven of the 
present invention. 

The soft, strong nonwoven of the present invention provides a topsheet that is especially 
soft and non-irritating to the wearer, thereby increasing wearer comfort. In addition, where the 
topsheet comprises a permanently stretched, soft, strong nonwoven having apertures as described 
herein, the topsheet is particularly effective for acquiring large insults of bodily fluids or highly 
viscous bodily excretions such as runny feces or menses. The permanently stretched, soft, strong 
nonwoven of the present invention also tends to have a greater thickness than the unstretched 
base nonwoven, thereby providing a pleasing esthetic appearance. 

Even more preferred backsheets include the soft, strong nonwoven in combination with a 
polymeric film as previously described. In a particularly preferred embodiment, the backsheet 
comprises the nonwoven disposed on the garment facing side of the polymeric film. 
Alternatively, the nonwoven can be disposed on the body facing side of the polymeric film, or 
the nonwoven can be disposed on both the body facing side and the garment facing side of the 
polymeric film. The backsheet comprising the soft, strong nonwoven of the present invention is 
particularly soft as compared to previously known clothlike backsheets. In addition, such a 
backsheet tends to have a higher energy to break, which provides resistance to splitting such as 
may otherwise occur when the wearer exerts a high speed force on the component, as when 
rapidly sitting down. Polymeric films that can be used as a component of the backsheet include 
thermoplastic films of polyethylene or polypropylene. For example, a suitable polyethylene 
films may havea thickness of from about 0.012 mm (0.5 mil) to about 0.051 mm (2.0 mils). 
Exemplary polyethylene films are manufactured by Clopay Corporation of Cincinnati, Ohio, 
under the designation P18-1401 and by Tredegar Film Products of Terre Haute, Indiana, under 
the designation XP-9703. A backsheet comprising a polymeric film may be embossed and/or 
matte finished to provide a more clothlike appearance to the polymeric film. 

The backsheet and the topsheet are positioned adjacent the garment surface and the body 
surface, respectively, of the absorbent core. The absorbent core is preferably joined with the 
topsheet, the backsheet, or both in any manner as is known by attachment means (not shown in 
Figure 4) such as those well known in the art. However, embodiments of the present invention 
are envisioned wherein portions of the entire absorbent core is unattached to either the topsheet. 
the backsheet, or both. 

For example, the backsheet and/or the topsheet may be secured to the absorbent core or to 
each other by a uniform continuous layer of adhesive, a patterned layer of adhesive, or an array 
of separate lines, spirals, or spots of adhesive. Adhesives which have been found to be 
satisfactory are manufactured by H. B. Fuller Company of St. Paul, Minnesota under the 
designation HL-1258 or H-2031. The attachment means will preferably comprise an open 
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pattern network of filaments of adhesive as ^disclosed in U S Patent 4 573 98* A 
Mineto.a, et a». on March 4. ,986. and which is incorporated £L Tl^lT * 
anachment means of an open pattern network of filaments co^ ^Z ^^Z 

vTz:^ m 3 spi :' t such 35 ,,,ustrated by * ~ - 

U.S. Patent 3.91 1,173 tssued to Sprague. Jr. on October 7. 1975- U S Patent 4 78S oo< ■ T 

I <*9. Each of mese pa,ems are mcorpca.ed herein b y Kfancc Alleraative|v , he 

means may comprise hea, bonds, pressure bonds, ul.raso.uc bonds, dynamc tl 

or any ^her sunable ashmen, means or combinations of mese anacLn. meTst : ^ 

One disposable absorben. article in which ,he soft. stiong nonwoven of Ihe mxm 
invention may be used are dumers. As used hereia .he Km, "diaper" refers to an^sZ 
an.Ce general., worn by infant and incontinen. persons ma, is worn abou, ,he ,„„er Jo" ^ 
wearer. „ shoUd be unders,ood. hoover. m a. *. pn^en, i„ve„,i„„ „ also 

TmIZ ** h 35 fem r ne hyg,ene ° r — 21 - - 

pantihners. and inconunence pads including diapers, and Ihe like. 

Figure 4 is a plan view of me diaper 400 of *e presen. invention in hs to-cu, 
uncootiaced sraK (i.e.. wiu, elastic induced contiaction pujled o„„ wiu, portions of ,he s,n,crure' 

d ITv ? m ° re ClC,rly *° W "* " ma ** M 400 - -» Potion of ,he 

draper 400 wh,ch faces away from a. wearer. *. ou«r surface. orie„,ed .owards ^viewer A 

shown ,» F.gure 4. tih. diaper 400 preferably comprises a liquid pervious .opshee, 50: a liquid 
■mpervous backshee, 60 joined wid. me .opshee, an absorben. core 70 positioned b«we=„ ,he 
•opshee, 50 and toe backshee, 60, me absorben, core 70 having a garmen, surface 72, a body 
surface 74. side edges 76. wais, edges 7«. and ea* 7!. The diaper 400 preferably furmer 
compnses elasticized leg cuffs »0; an elastic wais. feamre multiply des igM ,ed as 90 and a 
fastening system generally multiply designated as 1 10. 

The diaper is shown in Figure 4 to have an outer surface 42, an inner surface 44 opposed 
to the outer swface 42, a first waist region 46, a second waist region 48, and a periphery 4, which 
«s defined by the outer edges of the diaper 400 in which the longitudinal edges are designated 43 
and the end edges are designated 45. (While the skilled artisan will recognize that a diaper is 
usually desenbed in terms of having a pair of waist regions and a crotch region between the waist 
regions, m this application, for simplicity of terminology, the diaper 400 is described as having 
only waist regions including a portion of the diaper which would typically be designated as part of 
the crotch region). The inner surface 44 of the diaper comprises that portion of the diaper 400 
which ,s positioned adjacent to the wearer's body during use (i.e., the inner surface 44 generally is 
formed by at least a portion of the topsheet 50 and other components that may be joined to the 
topsheet 50). The outer surface 42 comprises that portion of the diaper 400 which is positioned 
away from the wearer's body (i.e.. the outer surface generally is formed by at least a portion of the 
baclcsheet 60 and other components that may be joined to the backsheet 60). (As used herein the 
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portion of the diaper 400 or component thereof which faces the wearer is also referred to as the 
body surface. Similarly, the portion facing away from the wearer is also referred to herein as the 
garment surface.) The first waist region 46 and the second waist region 48 extend, respectively, 
from the end edges 45 of the periphery 41 to the lateral centerline 47 of the diaper. Figure 4 also 
shows the longitudinal centerline 49, 

Figure 4 shows a preferred embodiment of the diaper 400 in which the topsheet 50 and the 
backsheet 60 have length and width dimensions generally larger than those of the absorbent core 
70. The elasticized leg cuffs 80 and the backsheet 60 extend beyond the edges of the absorbent 
core to thereby form the periphery 41 of the diaper 400. 

Diapers of the present invention can have a number of well known configurations. 
Exemplary configurations are described generally in U.S. Patent Bl 3,860,003 issued to Buell on 
April 18, 1989; U.S. Patent 5,151,092 issued to Buell et al. on September 29, 1992; and U.S. 
Patent 5,221,274 issued to Buell et al. on June 22, 1993. Each of these patents is incorporated 
herein by reference. Other diaper configurations to which the present invention can be readily 
adapted are described in co-pending U.S. Patent Application Serial No. 08/203,456; filed on 
February 28, 1994, and incorporated herein by reference. The topsheet 50 and backsheet 60 can 
be readily adapted by the skilled artisan to include the soft, strong nonwoven of the present 
invention. 

A preferred topsheet 50 for the diaper 400 is the soft, strong nonwoven described herein. 
Such a topsheet is particularly soft such that it tends to provide improved wearer comfort, 
including reduced potential for irritation. Where the nonwoven is permanently stretched to form 
apertures as described herein, the topsheet is particularly effective in absorbing viscous body 
fluids, such as feces. The topsheet 50 of diaper 400 may be made of a hydrophobic material to 
isolate the wearer's skin from liquids which have passed through the topsheet and are contained 
in the absorbent core (i.e., to prevent rewet). If the topsheet is made of a hydrophobic material, at 
least the upper surface of the topsheet is preferably treated to be hydrophilic so that liquids will 
transfer through the topsheet more rapidly. Such treatment and hydrophilicity is described above 
in reference to treatment of the soft, strong nonwoven of the present invention, which description 
is also applicable to topsheet materials other than the nonwoven of the present invention. 

In a preferred embodiment, the backsheet 60 of the diaper 400 includes the soft, strong 
nonwoven of the present invention. More preferably, the soft, strong nonwoven is combined 
with a polymeric material to improve the fluid barrier properties of the backsheet as previously 
described. The backsheet 60 preferably has a modified hourglass shape extending beyond the 
absorbent core 70 a minimum distance of about 1.3 cm to about 6.4 cm (about 0.5 to about 2.5 
inch) around the entire diaper periphery. 

The absorbent core 70 may take on any size or shape that is compatible with the diaper 
400. One preferred embodiment of the diaper 400 has an asymmetric, modified T-shaped 
absorbent core 70 having ears 71 in the first waist region 46 but a generally rectangular shape in 
the second waist region 48. Exemplary absorbent structures for use as the absorbent core that 
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have achieved wide acceptance and commercial success are de«rifw»H • , , c » 

entitled "High-Density Absorbent Structures" .ssued to Weis",'" ! 4 - 6 '°- 678 

U.S. Patent 4.673,402 ent.tled "Absorbent Articles Wit Dua LaTerld Co" ^ ^ 

et a,, on June ,6. ,987; U.S. Patent 4.888,231 enntled "Abs^ Co H ^ * 

issued to Angstadt on December 19. ,989; and US P n ^T^^T ^ ^ 

Absorbent Members Having Lower Density and Lower ?* 

to Alemany et al. on May 30 1989 The a h«nrt- 8 Acquisition Zones", issued 

— ^ . .^zitrrz^ slt x * duai core 

an absorb*,, s,„rage cor. a, detailed in U.S. Pa,e„, 5234™" en^AS ^ 

and ,n U.S. Patent 5.147,345. entitled "High Efficiency Absorbem Anjc|es '°' " 93 ' 

Management" issued to Young etal. on September 15 » A 7„V,K '""""'-ence 
herein by reference. Pttm6CT 15 ' IW2 ' AU »f"«e pa«ms are incorporated 

In a preferred embodiment, the diaper 400 Conner comprises elasticized leg cuffs 80 for 
prov,d d containmen , of ]jquids ^ ^ ^ _ fo 

hat provtdcs .mproved fit and containment; a*, a fastening system ,10 which formsTsi 
closure which mainains the first waist region 46 and the second waist radon 4» i , 
configuration such tha, lateral tensions m matured «J^Z^^^1 

shown, , me 46 and 48 to provide an elastically extensible feature ma, pro v,^ 

more comforuble and conjuring ft a* raore effective applicaUon of the diaper 400 

ext^rVTr^ ' e !, CUffS 80 P ' 0Vi<fc imP,DVed C0,,,ainn ' OT, ° f ^ «■» body 

166 CUff S ° «"**• different embodiment for reducn 

conrlT r ^ ""^ ,4 ' ""'"^'"^aaper which providesa 

con«rac«bl, leg openmg having . sioe ^ m , one or ^ ^ 

^ ^ "» < » -rt « CUff >- U S »"« No- 4,909.803, issued to Aziz, e, a, on Mar. 20 
W0 descnbes a deposable diaper havtng -stand-up- elasticized flaps (barrier cuffs) ,o improve 

ZnT'T" "* rcgi0nS ' U S ' Patt '" N °- 4J595 - 27S ' '» !*«*>» on Sep " 

987, descnbes a disposable diaper having dual cuffs including a gaskcting cuff and a barrier cuff 
US. Paten, No. 4.704,1 15. issued to Buell on November 3, 1987. discloses a disposable diaper or 
.ncontmen, garment having side-edge-leakag.-guard guners configure ,o conuin free liquids 
wrthm me garment. An additional leg cuff configtuation is disclosed in U S Patent No 

refereile 4 ' ^"^ X ^ ""^ V™"* inc0,pora " :d herei " h > 

While each elasncized leg cuff 80 may be configured so as to be similar to any of the leg 
bands, s.de flaps, barrier cuffs, or elastic cuffs described above, i, is preferred ,ha, each elasticized 
leg cuff compnse a. least an inner barrier cuff comprising a barrier flap and a spadnc elastic 
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member such as bribed in th. above-refereld u. s . p ateo[ 

tag cuff 80 addi.iona.ly comprised! * 
or more e,as,,c strands postponed outboard of JJ^^^Tf ^ « 
referenced U.S. Patent No. 4,695,278. "ter cuff such as described tn the above- 

In a preferred embodiment, the leg cuff material comorises .h. 
.he present invention. The nonwoven can be used as T ,"I t "°" W0Ve " of 

combination with a po.ymeric material to improve J 1 b ' " ^ 

materia,. „„ weV e, lhe nonwovcn ^ £Z££?£T T * * ^ 
mm .hen measured according to Medtod 55 U ™* ,Th7 , ^ '°° 
incorporated herein by reference. Standard ,I9IA - 

■ha, malt 1":; "T" " — <~ — 

Rober.cn on Ju „. 2 5. , W , : and ti* afcove r.fe™ '^T 5 ^ T 

al. on Sep. 29 199? each of th,.« t 1,092 ,ssued to Buel » et 

P iw. each of these references being incorporated herein by reference 

on Jul. 3. 1990; and U S Patent w n u,,^ • , 5j< ,SSUed t0 Van Gom P d - ■« al. 

«*• u latent No. 5,151,092, issued to Buell et al. on Sen ">9 199> „ r h r 

which are incorporated herein by reference. Ch 01 

Exemplary fastening systems 1 10 are disclosed in U.S. Patent No 4 846 R . s • h 

s ;; u f Patent No - 4mo60 ' ,ssued » t 

i on Nov. 19, 1974, U.S. Patent No. 4,662,875, issued to Hirotsu et al on May 5 .987 h 

applied to effect a side closure. ' faStenmg SyStem 15 then 

The soft, strong nonwoven of the present invention can be employed in severa i nrh 

*V» For example, the soft, strong nonwoven can be empioyed as me topshee. or bacKshec, or 
as a component of eimer or bom of these members in several other disposal absorbed ce 
Exempt additional disposab.e anic.es to whtch the present invention can be ad p" ^de 
s»,.ar> napkms. pantiliners. training pants, and incomtnent articles 

Preferred sanitary napkin conflgurations applicable .0 the present invention are described 
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generally in the above referenced and incorporated U.S. Patent Nos. 4,950,264 and 5.009.653; 
and in U.S. Patent 4,321,924, "Bordered Disposable Absorbent Article/' issued to Ahr on March 
30, 1982; U.S. Patent 4,425,130, "Compound Sanitary Napkin," issued to DesMarais on January 
10, 1984; U.S. Patent 4,589.876, "Shaped Sanitary Napkin With Flaps." issued to Van Tilburg on 
August 18, 1987; U.S. Patent 4.608,047, "Sanitary Napkin Attachment Means/' issued to 
Mattingly on August 26, 1986; U.S. Patent 4,687,478, ''Shaped Sanitary Napkin With Flaps," 
issued to Van Tilburg on August 18, 1987; U.S. Patent 4,834,735, "High Density Absorbent 
Members Having Lower Density and Lower Basis Weight Acquisition Zones," issued to 
Alemany et al. on May 30, 1989; U.S. Patent 4,917,697, issued to Osborn et al. on April 17, 
1990; U.S. Patent 5,308,346," Elasticized Sanitary Napkin," issued to Sneller, et al. on May 3, 
1994;European Patent Application No. 0 198 683, The Procter & Gamble Company, published 
October 22, 1986 in the name of Duenk, et al.; PCT Patent Publication WO 93/11725, 
"Absorbent Article Having Fused Layers," published in the name of Cree. et al. on June 24, 
1993; and in copending and co-assigned U.S. Patent Application Serial No. 08/289,084. filed 
May 6, 1994 in the name of Cree et al. Each of these patents, publications and applications are 
hereby incorporated herein by reference. 

Exemplary pantiliners for which the present invention may be adapted are disclosed in 
U.S. Patent No. 4,738,676 entitled "Pantiliner" issued to Osborn on April 19, 1988, which patent 
is incorporated herein by reference. 

The term "training pant", as used herein, refers to disposable garments having fixed sides 
and leg openings. Training pants are placed in position on the wearer by inserting the wearer s 
legs into the leg openings and sliding the training pant into position about the wearer s lower 
torso. Suitable training pants to which the present invention can be adapted are disclosed in U.S. 
Patent No. 5,246,433, issued to Hasse, et al. on September 21 , 1993. 

The term "incontinence article" refers to pads, undergarments (pads held in place by a 
suspension system of same type, such as a belt, or the like), inserts for absorbent articles, 
capacity boosters for absorbent articles, briefs, bed pads, and the like regardless of whether they 
are worn by adults or other incontinent persons. Suitable incontinence articles to which the 
present invention can be adapted are disclosed in U.S. Patent No. 4,253,461 issued to Strickland, 
et al. on March 3, 1981; U.S. Patent Nos. 4,597,760 and 4,597,761 both issued to Buell on July 1 , 
1986; the above-referenced and incorporated U.S. Patent No. 4,704,115; U.S. Patent No. 
4,909,802 issued to Ahr, et al. on March 20, 1993; U.S. Patent No. 4,964,860 issued to Gipson. et 
al. on October 23, 1990; and in U.S. Patent No. 5,304,161 entitled "Absorbent Article Having 
Rapid Acquiring Multiple Layer Absorbent Core" issued to Ahr on April 19, 1994. Each of these 
patents are incorporated herein by reference. 

EXAMPLES 

Consolidate a polyethylene melt-spunbonded nonwoven, designated as #86964-S from 
Polybond Co. of Waynesboro, VA, having a filament denier in the range of 1 .5 to 10 and basis 
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weight of 1 ounce/yard^, by calender thermalbond rolls with 225 pins/inch^ to provide a 
nonwoven having a CD width of about 8 inches and a bond area of about 14%. 

Stretch the consolidated nonwoven in one stage via a stretching apparatus such as shown 
in Figures 1-3 to a CD width of about 12 inches, to reduce the basis weight by 31%, to reduce the 
low strain modulus by 70%, to substantially improve softness of hand as shown by a loss in MD 
and CD tensile and, especially, loss in the low strain MD modulus, without forming apertures. 

Alternatively, stretch the nonwoven in one stage via a stretching apparatus such as shown 
in Figures 1-3 to a CD width of 14.5-16.5 inches, to reduce the basis weight by 41% and to form 
apertures at a frequency of about 20/in2 and a size of about 0.02" by about 0.04" (0.008 in^), to 
substantially improve softness of hand as shown by a loss in MD and CD tensile and loss in low 
strain MD modulus, and to maintain tensile values sufficiently high such that the resultant 
nonwoven maintains its integrity when used as a topsheet in a diaper of catamenial pad.The 
aforementioned nonwovens will have properties as shown in Table I. 
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1544 
(MD) 
825 (CD) 
635 (MD) 
612 (CD) 
354 (MD) 

509 (CD) 

* 35 measured on a U.S. Testing Co. Inc., Model 9025 Air Pe'rmeability Tester 

While particular embodiments of the present invention have been illustrated and 
descnbed, ,t would be obvious to those skilled in the art that various other changes and 
modifications can be made without departing from the spirit and scope of the invention It is 
therefore intended to cover in the appended claims all such changes and modifications that are 
within the scope of this invention. 
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1 . A disposable absorbent article comprising a liquid pervious topsheet, a liquid impervious 
backsheet, and an absorbent core disposed between said topsheet and said backsheet, 
characterized in that said topsheet comprises: 

a nonwoven comprising fibers comprising polyethylene, preferably melt-spunlaid fibers, 
at least a portion of said fibers being consolidated, said nonwoven being permanently 
mechanically stretched in the cross-machine direction and having a cross-machine 
direction tensile strength of at least 300 g/in and a cross-machine direction elongation at 
break of at least 40%. 

2. The article of Claim 1 wherein said nonwoven is formed by permanently mechanically 
stretching a base nonwoven comprising fibers comprising polyethylene, preferably melt- 
spunlaid fibers, at least a portion of said fibers being consolidated, preferably by thermal 
spot bonds such that said base nonwoven has a consolidation area of from 4% to 40%, 
more preferably from 6% to 28%, of the total area of said base nonwoven, said base 
nonwoven having an elongation at break of at least 175% and a cross-machine direction 
tensile strength of at least 400 g/in, said based nonwoven preferably also having a 
filament denier in the range of 1.5 to 10, more preferably 2.0 to 3.5, and a basis weight of 
from 15 grams/square yard to 30 grams/square yard, more preferably from 20 
grams/square yard to 28 grams/square yard. 



The article of Claim 2 wherein said base nonwoven is permanently mechanically 
stretched in the cross-machine direction to at least 125% of its unstretched cross-machine 
direction width. 



4. The article of Claims 2 or 3 wherein said base nonwoven is permanently mechanically 
stretched in the cross-machine direction such that the permanently mechanically stretched 
nonwoven has effective apertures. 

5. A disposable absorbent article comprising (i) a liquid impervious backsheet having a 
garment surface and a body surface, characterized in that said backsheet comprises a 
nonwoven comprising fibers comprising polyethylene, preferably melt-spunlaid fibers, at 
least a portion of said fibers being consolidated, said nonwoven being permanently 
mechanically stretched in the cross-machine direction and having a cross-machine 
direction tensile strength of at least 300 g/in and a cross-machine direction elongation at 
break of at least 40%, said nonwoven having a garment surface and a body surface; and 
(ii) an absorbent core disposed adjacent said body surface of said backsheet. 
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The article of Claim 5 wherein said nonwoven is formed by permanently mechanically 
stretching a base nonwoven comprising fibers comprising polyethylene, preferably melt- 
spunlaid fibers, at least a portion of said fibers being consolidated, preferably by thermal 
spot bonds such that said base nonwoven has a consolidation area of from 4% to 40%. 
more preferably from 6% to 28%, of the total area of said base nonwoven, said base 
nonwoven having an elongation at break of at least 175% and a cross-machine direction 
tensile strength of at least 400 g/in, said based nonwoven preferably also having a 
filament denier in the range of 1 .5 to 10, more preferably 2.0 to 3.5, and a basis weight of 
from 15 grams/square yard to 30 grams/square yard, more preferably from 20 
grams/square yard to 28 grams/square yard. 



The article of Claim 6 wherein said base nonwoven is permanently mechanically 
stretched in the cross-machine direction to at least 125% of its unstretched cross-machine 
direction width. 

The article of any of Claims 5-7 wherein said backsheet further comprises a liquid 
impervious layer of polymeric material disposed on said garment surface of said 
nonwoven. 
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